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ESTIMATION OF PROBABILISTIC CREEP RUPTURE 
DAMAGE DEGREE OF TURBINE MEMBER 



STEAM TURBINE MEMBER DATA INPUT SECTION 


(ASSESSMENTS 
COMPONENT 

I DATA 1 
UNIT NAME 

MEMBER NAME 
REGION NAME 




(DESIGN DATA) 
T : IN-SERVICE 
TEMPERA- 
TURE 
DISTRESS 




[INSPECTION] 

Idata J 

H : HARDNESS 




(OPERATIONS 
HISTORY 

Idata ) 

t: TOTAL 
OPERATION 
TIME 



ASSESSMENT COMPONENT DATA • DESIGN DATA • INSPECTION DATA • 
OPE RATION HISTORY DATA STORAGE • 

CREEP DAMAGE DEGREE CALCULATION SECTION 



P' 


=Al(ff)H+Bl(c?) 






P'. 


=(T+273)(logtr+C) 




tr= 


10{P'/(T+273)-C} 




<l>c= 


tr+t 


OR <f>c=^ 




P 


=(T+273)(logt+C) 



5 



FIG.IA 



liN V: tumibaru ISHII, et al. 
DOCKET n 243170US-2S DIV 
SHEET 2 O F 16 




COMPUTATIONAL RESULT STORAGE 
CREEP DAMAGE DEGREE 
LARSON-MILLER PARAMETER P=(T+273)(logt+C) 



I 



CREEP DAMAGE DEGREE ESTIMATION EXPRESSION 
CALCULATION SECTION 



^c=l-exp(A*pB) 



I 



WEIBULL STATISTICAL PROCESSING 



CALCULATE FAILURE PROBABILITY Pf AND VARIATIONS 
EXPERIMENTAL VALUE ^c/ESTIMATED VALUE <j>c 
(ju : PROBABILITY VARIABLE) 



CALCULATE SCALE PARAMETER AND 
m: WEIBULL COEFFICIENT 



CREEP DAMAGE DEGREE PROBABILISTIC ESTIMATION 
EXPRESSION CALCUUTION 



cf> c= {l -exp(A-pB)}-{)Smyin(i-Pf)-l } 



FIG.1B 
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TURBINE MEMBER PROBABILISTIC THERMAL 
FATIGUE AND DAMAGE DEGREE ESTIMATION 



lA 



TUBINE MEMBER DATA INPUT SECTION 



(ASSESSMENT \ 
COMPONENT 

I DATA 
UNIT NAME 

MEMBER NAME 
REGION NAME 



(DESIGN DATA) 
IN-SERVICE 
T: 

TEMPERATURE 

c: 

COLD, WARM 
AND HOT 
THERMAL 
STRESSES 



(INSPECTION 
\ DATA 
H: 

HARDNESS 



^OPERATION ^ 

HISTORY 
V DATA 

N: 

TOTAL START 
COUNT 
nc: 

COLD START 
COUNT 
nw: 
WARM START 
COUNT 
nh: 
HOT START 
COUNT 



ASSESSMENT COMPONENT DATA -DESIGN DATA • INSPECTION DATA- 
OPERATION HISTORY DATA STORAGE 



THERMAL FATIGUE AND DAMAGE DEGREE CALCULATION 




A£e=Cl-Ma'l+C2M«2 
C2, al,/?l,^2, ^3, 








A£e=2Ke 








, , nc J nw J nh 






^ Mc Mw'^Mh 








g=N(.c^+.w^+ahf)'' 
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THERMAL FATIGUE AND DAMAGE DEGREE COMPUTATIONAL 

RESULT STORAGE 
THERMAL FATIGUE AND DAMAGE DEGREE 
(THERMAL FATIGUE AND DAMAGE DEGREE OBSERVED VALUE) ^f, 
THERMAL FATIGUE AND DAMAGE DEGREE ESTIMATION PARAMETER q, 

HARDNESS H 



THERMAL FATIGUE AND DENNAGE DEGREE ESTIMATION 
APPROXIMATION EXPRESSION CALCULATION 



^f=Cf -q 
Cf : INVARIABLE 



WEIBULL STATISTICAL PROCESSING 



CALCULATE CUMULATIVE PROBABILITY Pf AND 
VARIATIONS=OBSERVED VALUE ^f/ESTIMATED VALUE 
{// : PROBABILITY VARIABLE) 



: CALCULATE SCALE PARAMETER AND 
m: WEIBULL COEFFICIENT 



^2 

THERMAL FATIGUE AND DAMAGE DEGREE PROBABILISTIC 
ESTIMATION EXPRESSION CALCULATION 



^f=Cf-qL?myin(l-Pf)-l 
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TURBINE MEMBER PROBABILISTIC HARDNESS ESTIMATION 




»l 




DATA INPUT ^^^^^ 
(COMPONENT DATA, HARDNESS DATA, EVALUATION TIME DATA) 






\ 
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EVALUATION-TIME HARDNESS PROBABILISTIC ESTIMATION 
EXPRESSION CALCULATION 










B3 




EVALUATION-TIME HARDNESS AND PROBABILITY OUTPUT | 






r • 




r Ti IPRINIF MFMBER THERMAL FATIGUE AND DAMAGE DEGREE ASSESSMENT 








,71 




DATA INPUT ^ 
[COMPONENT DATA, DESIGN DATA (TEMPERATURE, STRESS) 
OPERATION DATA (START COUNT) i 






« 




1 THFRMAL FATIGUE AND DAMAGE DEGREE CALCULATION 




I 1 ^73 




THERMAL FATIGUE AND DAMAGE DEGREE COMPUTATIONAL 

RESULT OUTPUT 
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TURBINE MEMBER CREEP DAMAGE DEGREE ASSESSMENT 



;81 



DATA INPUT 
COMPONENT DATA, DESIGN DATA A 
(TEMPERATURE, STEADY-STATE STRESS) 
.OPERATION DATA (TOTAL OPERATION) TIME PERIOD; 

^ 



CREEP DAMAGE DE GREE CALCULATION 
^ 



82 
83 



CREEP DAMAGE DEGREE COMPUTATIONAL RESULT OUTPUT 



FIG. 8 
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TURBINE MEMBER PROBABILISTIC HARDNESS ESTIMATION 



DATA INPUT 



-61 



(COMPONENT! 
[ DATA J 

UNIT NAME 
MEMBER NAME 
COMPONENT NAME 



(HARDNESS DATA) 
(i) INITIAL HARDNESS : HO 
(ii) INSPECTION-TIME 
HARDNESS : HI 
OPERATION TIME THROUGH 

MEASUREMENT :tl 
Oil) COMULATIVE PROBABILITY 
Pf DIRECTLY SPECIFIED 



(EVALUATION 
iTIME DATA 
EVALUATION 
TIME:th 



EVALUATION-TIME HARDNESS PROBABILISTIC ESTIMATION 
tVALUA luiN ^^pj^^33,Qj^ CALCULATION 



'62 



;121 



PROBABILITY PF CALCULATION 



(i) WITH INITIAL HARDNESS, 
H=HO (EXPERIMENTAL VALUE) 
TOTAL OPERATION TIME : 

t =to=o 

(ESTIMATED VALUE)=atO+b 
uO=(EXPERIMENTAL VALUE)/ 

(ESTIMATED VALUE) 
COMULATIVE PROBABILITY= 

PfO=l-exp{-(//0//J)n^} 



WITH INSPECTION-TIME HARDNESS, 

H=H1 (EXPERIMENTAL VALUE) 
TOTAL OPERATION TIME :t=t1 
(ESTIMATED VALUE)=at1+b 
//1=(EXPERIMENTAL VALUE)/ 

(ESTIMATED VALUE) 
COMULATIVE PR0BABIL1TY= 

Pfl=1-exp{-( //I //?)"!} 
(iii) WITH DIRECTLY SPECIFIED 
COMULATIVE PROBABILITY=Pf, 
PROBABILITY=Pf 
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"fv/ai IIATIQN-TIME HARDNESS PROBABILISTIC CALCULATION" 



m CALCULATION OF EVALUATION-TIME HARDNESS FROM 
U;OALUULMiiu i^i^i^L HARDNESS 



H=(at+b)(y5m ymO-PfO)-! ) 

r?) CALCULATION OF EVALUATION-TIME HARDNESS FROM 
^ LAL^ULA '^^3pECTI0N-T IME HARDNE SS 

H=(at+b)(/?^y in(1-Pf1)-'') 

and comu\^twe probability Pf output\ -63 

FIG.9 
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TURBINE MEMBER THERMAL FATIGUE AND 
DAMAGE DEGREE ASSESSMENT 



CALCULATION 

DATA 
H ; HARDNESS 



I 



DATA INPUT SECTION 



COMPONENT 

DATA 
UNIT NAME 
MEMBER NAME 
REGION 



DESIGN DATA 
T: 

TEMPERATURE 

o: 

COLD, WARM 

AND 
HOT THERMAL 

STRESSES 



J] 



OPERATION 
DATA 
nc: 

COLD START 
COUNT 
nw: 
WARM START 
COUNT 
nh: 
HOT START 
COUNT 



THERMAL FATIGUE AND DAMAGE DEGREE CALCULATION 



Aee=ClM«1+C2Maf2 
C2, a1,^1,/ ?2./?3, /?4 



A£e=2K€{-^} 



I 



, nc I _nw_, _nh_ 
^^""mT Mw^ Mh 
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THERMAL FATIGUE AND DAMAGE DEGREE 
COMPUTATIONAL RESULT OUTPUT 



FIG. 12 
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TURBINE MEMBER CREEP DAMAGE 
DEGREE ASSESSMENT 



81 







DATA INPUT SECTION 




CALCULATION 

DATA 
H : HARDNESS 




COMPONENT 

DATA 
UNIT NAME 
MEMBER NAME 
REGION NAME 


DESIGN DATA 

T: 

TEMPERATURE 
a : 

STEADY-STATE 
STRESS 




OPERATION 
DATA 

t: 
TOTAL 
OPERATION 
TIME 
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CREEP DAMAGE DEGREE CALCULATION 




P' =Al(cy)H+Bl((r) 




> 






P'=(T+273)+(logtr+C) 




> 


r 




tr=10{PV(T+273)-C} 






r 




^c- ^\ OR^c=^;^^ 
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CREEP DAMAGE DEGREE 
COMPUTATIONAL RESULTOUTPUT 
CREEP DAMAGE DEGREE 
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INTERNET 
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